Abstract: Atatürk Dam Lake is an important ecosystem located in south-eastern Anatolia in Turkey. In this study, concentration of Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn were determined in kidney, liver, gill and muscle of Tor grypus which has great economic value in Atatürk Dam Lake. Heavy metal levels in fish samples were analyzed by inductively coupled plasma spectroscopy (ICP). The metal accumulation in the liver, kidney and gill of Tor grypus was found to be quite high in comparison to the muscle. All metal levels detected in tissues were the limits for fish proposed by FAO/ WHO, EU and Turkish Food Codes and safe within the limits for human consumption in the edible parts of fish species in the region.
Introduction
Atatürk Dam is one of the largest earth-and-rock filled dams in the world, being built on the Euphrates River in south-eastern Anatolia, Turkey. The Atatürk Dam Lake has a total area of 817 km 2 , is the biggest reservoir in Turkey and has a high fishing potential. There are about 28 species and subspecies belonging to eight families living in the Euphrates River and its Dam lakes (Kuru 1978 (Kuru -1979 Bozkurt 1994) . Silurus triostegus (Heckel, 1843), Tor grypus (Heckel, 1843), Capoeta trutta (Heckel, 1843) , Carasobarbus luteus (Heckel, 1843), Mastacembelus mastacembelus (Banks et Solander, 1794) and Leuciscus cephalus (L., 1758) have economical value in the reservoir.
Tor grypus is a large cyprinid occuring along the Euphrates and Tigris rivers in Turkey, Syria and Iraq (Mahdi 1967; Kuru 1978 Kuru -1979 Coad 1996) and is abundant and commercially important in much of its range. The scientific interest in this species is mostly concentrated on its taxonomy and distribution (Gruvel 1931; Beckman 1962) . Karaman (1971) revised Barbus species and Barbus grypus was placed in the genus Tor.
There is no information on the heavy metal concentrations of the shabut in Turkey. Although there are a few studies on heavy metal levels in the reservoir (Karadede &Ünlü 1998, 2000; Karadede et al. 2004) , there are no data for T. grypus which is commercially important in the reservoir.
Heavy metals from natural and anthropogenic sources are continually released into aquatic ecosystems, and they are a serious threat because of their toxicity, long persistence, bioaccumulation, and biomagnification in the food chain (Papagiannis et al. 2004) . Fish samples are considered as one of the most indicative factors in freshwater systems, for the estimation of trace metals pollution potential (Evans et al. 1993; Rashed 2001; Papagiannis et al. 2004) . Several studies have shown that metal accumulation can effect the wild species (Guhathakurta & Kaviraj 2000; Kargin 1998; Canli & Atli 2003; Papagiannis et al. 2004; Fernandes et al. 2007) .
The aim of the present study was to evaluate the heavy metal levels (Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn) in muscle, liver, kidney and gill of T. grypus from Atatürk Dam Lake. The results obtained from this study will provide information for the background levels of metals in common fish species of the lake.
Material and methods
Study area and sampling Atatürk Dam Lake (Fig. 1) is a large (81,700 ha and 48,700,000,000 m 3 ) reservoir on the Euphrates River in south-eastern Anatolia, Turkey, and is used for irrigation and power generating. Recently, agricultural and industrial developments as well as increase in pollution substantially increased the contamination of fish with heavy metals. This might be crucial for the future exploitation of this resource, and available data are urgently needed on this issue.
Twelve specimens of Tor grypus were collected from two sampling locations (I -Akpınar; II -Bagpınar) at Atatürk Dam Lake in 2006 (Fig. 1 ). Fish were transferred to the laboratory to record sex, age, total body length and Explanations: a) Mean (± SD) of five determinations at 95% confidence level (R ± ts/ √ N ). total wet weight. The results are given in Table 1 . The age of T. grypus was determined from the the scales.
Analytical procedure Approximately 4-5 g of the epaxial muscle on the dorsal surface of the fish, the entire liver, kidney and two gill racers from each sample were dissected, washed with distilled water, dried in filter paper, weighed, packed in polyethylene bags and kept at -30
• C until analysis. The samples were kept away from metallic materials to avoid contamination.
Before analysis, tissues samples were dried at 110
• C for two days to reach constant weights in the oven. Samples were transferred into a digestion flask. A mixture of 2 ml nitric acid (65% v/v) and 1 ml perchloric acid (60% v/v) were added and then the digestion flasks were put on a hot plate set to 120
• C for three hours (Kargin 1998) . The remaining digested solution was transferred into a 25 ml standard flask and then diluted with triple distilled water.
Stock standard solutions of Cd, Cr, Cu Fe, Mn, Ni, Pb and Zn were obtained from Merck in concentrations of 1,000 mg L −1 (Merck, Darmstadt, Germany). Sample blanks were analyzed after every 7-10 samples. Analytical blanks were run in the same way as the samples and concentrations were determined using standard solutions prepared in the same acid matrix. All samples were analyzed two times for Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn by Perkin Elmer Optima 5300 DV ICP/OES which is a fast multi-element technique with a dynamic linear range and moderate-low detection limits (Sturgeon 2000 The digestion and analytical procedures were checked by analysis of standard reference material (DORM-2 and DOLT-3 National Research Council Canada, Ottawa, Ontario, Canada). The results were given in Table 2 . There was no significant difference between the results obtained by the proposed method and certified results. These standards (in powder form) were prepared and analysed in the same manner as the samples. The instrument was calibrated with Standard solutions prepared from commercial materials.
Statistical Analysis
One-way ANOVA was used to compare differences, StudentNewman-Keuls test was employed for the comparison of means. The significance was set at P ≤ 0.05. Statistical analyses were carried out using the SPSS software version 12.0 (SPSS Inc., Chicago, IL, USA).
Results
The concentrations of heavy metals (µg g −1 wet tissues) in muscle, liver, kidney and gill of Tor grypus are summarized in Table 3 . Fe, Zn, Cu, Pb, Mn, Co, Cr and Ni were detected in all samples. Figure 2 shows the heavy metal levels in the analysed tissues of T. grypus. Fe and Zn levels were higher than the other metals (Fig. 2) . Distribution patterns of metal concentrations in the kidney, liver, gill and muscle of T. grypus follows the sequence: Pb >Cu > Mn > Cr > Ni > Co, respectively. The distribution patterns of Fe and Co in tissues of T. grypus follows the order: kidney > liver > gill > muscle; Zn and Cu follow the order: liver > kidney > gill > muscle; Mn and Ni follows the order: gill > liver > kidney > muscle; Cr follow kidney > gill > liver > muscle; Pb follow the order: liver > gill > kidney > muscle. Heavy metal concentrations were higher in the liver, kidney and gill, when compared with muscle. Heavy metal levels varied significantly in different tissues of the same species. Particularly, Fe and Zn concentrations were very high in the liver, kidney, gill and muscle.
Discussion
The heavy metals are the most important forms of pollution and they may accumulate in the tissues of fish which are often at the top of the aquatic food chain. They are accumulated in human tissues and may be the cause of some diseases (Rodríguez et al. 2003; Yilmaz et al. 2007 ). Fish may concentrate large amounts of metals from the water and they might be toxic for human consumption (Papagiannis et al. 2004 ). The effects of trace metals on human health are of great interest today, especially for aquatic food products. Therefore estimation of the trace metals in fish became important to estimate freshwater pollution and the risk potential of human consumption (Dural et al. 2007; Göksu et al. 2003) .
The present study focused on the accumulation of heavy metals in T. grypus and showed differences in heavy metals accumulation in the different tissues. The highest concentrations of metals were found in the liver, kidney and gill, while the lowest concentration was in the muscle. Similar results were also reported for a number of other fish species (Amundsen et al. 1997; Karadede &Ünlü 2000 Karadede &Ünlü , 2007 Mansour & Sidky 2002; Bajc et al. 2005) . These results showed that the muscle was not an active tissue regarding the accumulation of metals.
The levels of Fe and Zn in all tissues were higher than the Cu and Mn levels, as Zn is present in many enzymes and Fe is used to transport oxygen throughout the fish's body. The heavy metals accumulate mainly in metabolically active tissues such as the liver and kidney, except Mn. In the liver and kidney, metals are bound to metallothioneins, low molecular weight proteins with high cysteine content (Kargin 1998; Liang et al. 1999) .
The comparison of mean concentrations of metals in all tissues of T. grypus shows that the metal levels of tissues are very variable in fish from the same area (Canli & Atli 2003; Kalay et al. 1999; Marcovecchio 2004; Fernandes et al. 2007 ). The mean heavy metal concentrations in the muscle tissues of T. grypus were found to be lower than those reported for Barbus capito (Guldenstaedt, 1773) in the Seyhan River (Canlı et al. 1998 ) and for the Barbus spp. in a Slovenian River (Bajc et al. 2005) . Similarly, the mean values of gill Cu and Zn are lower than those determined in samples collected in the Tigris River (Gümgüm et al. 1994 ) and B. capito pectoralis (Heckel, 1843) in the Keban Dam Lake (Sarieyüpoglu & Say 1991) . The values of Cu, Co and Mn in fish samples obtained in the present study were found to be similar to those reported for Barbus plebejus (Bonaparte, 1832) in the Sakarya River (Barlas 1999) .
The mean heavy metal concentrations in the muscle tissues of T. grypus were found to be compatible with the previous studies on other fish species (Silurus triostegus, Liza abu, Capoeta trutta, Carasobarbus luteus) in the Atatürk Dam Lake (Karadede &Ünlü 2000; Karadede et al. 2004 ), except Pb. Lead was not found in previous studies conducted in Atatürk Dam Lake (Karadede et al. 2004; Karadede &Ünlü 2000) . The Pb val-ues in the muscle of the studied fish species were found to be in range of 0.65-2.04 µg g −1 . These values were lower than those reported earlier in fish species of different lakes (Aucoin et al. 1999; Mendil et al. 2005 ) but higher for Leuciscus cephalus (L., 1758) and Lepomis gibbosus (L., 1758) from Saricay (Yilmaz et al. 2007) . Pb values in muscle and gill of T. grypus obtained in the present study were higher than those obtained by Demirak et al. (2006) in Leuciscus cephalus from Dipsiz Stream. The comparison of mean concentrations of metals in all tissues in this species shows that the metal levels of tissues are very variable in fish from the same area. The reason for the increase in lead is probably due to the petroleum leakage to Atatürk Dam Lake by a breakdown of Batman-Yumurtalık pipeline (BOTAS) on 13 April, 2005 (Anonymous 2005 . Turkish and EU acceptable limits are 0.4 µg g −1 wet weight. The range of international standards for Pb in fish is 0.5-10 µg g −1 wet weight (EU 2001; TFC 2002; Yamazaki et al. 1996) .
In this study, the gill metal (Zn, Pb, Co, Cr, Fe, and Ni) concentrations were similar to those in liver and kidney, but higher than in muscle. Metal levels in the gill could be due to element complexion with the mucus, which is impossible to be completely removed from the lamellae before tissues are prepared for analysis. The adsorption of metals onto the gill surface, the first target for pollutants in water, may also influence the total metal levels of the gill (Heath 1987) . In addition, the liver represents storage of metals (Rao & Padmaja 2000; Yılmaz et al. 2007 ). Thus, the liver and gill in fish are more often recommended as environmental indicator organs of water pollution than other fish organs (Carpene & Vasak 1989; Karadede et al. 2004 ).
In conclusion, the results of the present study show that the examined fish was not associated with enhanced metal content in the muscle and was safe within the limits for human consumption. All results were quite below the limits proposed by EU (2001) and FAO/WHO (1987) and TFC (2002) for fish. Although levels of heavy metals are not high, a potential danger may emerge in the future depending on the domestic wastewaters and agricultural activities in this region.
